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A system for measuring a radio frequency signal in a wireless 
station and a wiring board switch 

The present invention relates to a wireless system according to the 
preamble of Claim 1 . The invention also relates to a method according 
to the preamble of Claim 1 1 . 

The radio frequency power of a transmitter can be measured, for 
example, by coupling to the output of the transmitter a device, a test 
load, which converts essentially all the power fed by the transmitter to 
the output into heat, whereupon the power can be calculated from the 
temperature change. A generally used method is to use a thermo- 
couple, which comprises two pieces of different metals joined together, 
in which the temperature causes a small voltage (so-called thermo 
voltage) to be created in the joint between the metals. This voltage, 
which is created in the joint, is very accurately proportional to the 
temperature of the joint. However, this method has the problem that it is 
very slow and expensive, especially with high frequencies. Measure- 
ment methods based on temperature are the most accurate of the prior 
art methods for determining the radio frequency power, but the prob- 
lems of these methods are unreasonable with regard to the benefit 
gained from them. 

A general solution, by which the use of methods based on temperature 
can be avoided, is the measurement of power by means of a diode. 
Then the output of the wireless station is indicated in a diode and the 
indicated voltage is amplified, whereupon the radio frequency power 
can be calculated. The radio frequency power (P) can be calculated by 
squaring the obtained voltage (V) and multiplying the result by a 
suitable coefficient (for example, P=V 2 (1.25)). This method works well, 
provided that the connection between the transmitter and the power 
meter is good. However, making a sufficiently reliable connection of 
good quality between the transmitter and the power meter at 900 MHz, 
for instance, is not a simple task. The connector and the test load may 
have the effect that the diode creates only randomly a voltage which is 
proportional to the power. This is due to the fact that the diode only 
indicates the voltage of the output of the transmitter, from which the 
power is obtained by assuming that the current of the transmitter is 



proportional to the voltage. This is the case only when the resistive load 
coupled to the output of the transmitter Is essentially as high as the self- 
impedance of the output of the transmitter 

The situation becomes even more complicated when radio frequency 
power should be measured from a transmitter using a digital modula- 
tion, such as TDMA. For example, the output of the transmitter of a 
GSM wireless station is to a great extent formed of bursts, and the 
bursts are so short that it is not possible to follow the outcoming power 
with ordinary linear power meters. Even if it were possible, it would not 
be possible to conclude from the measurement result formed by the 
power meter which conversion formula should be used to convert the 
measurement result back to power. One solution would be to use 
testing equipment, which use efficient means of signal processing to 
calculate the radio frequency power directly from the regenerated 
modulation. 

Conventionally, the transmitters of wireless stations have been tuned, 
tested and serviced in service facilities by using an external antenna 
connector or by replacing the antenna with a separate measurement 
connector, which forms a galvanic coupling between the wireless 
station and the testing equipment. Wireless stations with a built-in 
antenna do not usually have such an external antenna connector. In 
that case, a less accurate RF (Radio Frequency) connector must be 
used, whereby the radio frequency power or other property to be 
measured, such as power, frequency, sensitivity, bit error rate or 
modulation spectrum, is measured from the wiring board of the wireless 
station, although the wireless station's own antenna has not been 
disconnected. Especially in type approval and in the development of 
prototypes, these measurements of a radio frequency signal should be 
carried out very accurately and without the need to solder extra coaxial 
cables on the wiring board or to use an inaccurate RF connector. 

The wiring board can also include a test switch, which has preferably 
two different positions. When this test switch is in the operating posi- 
tion, the radio frequency signal proceeds from the wiring board of the 
wireless station to the wireless station's own antenna. When radio 
frequency power should be measured from the wireless station, this 
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test switch is switched to the testing position with a measuring head, 
whereupon the wireless station's own antenna is disconnected to 
improve measurement accuracy. Then the radio frequency signal 
proceeds from the transmitter of the wireless station via the switch and 

5 the measuring head to the testing equipment. When this switch is in the 
operating position, the radio frequency signal proceeds via the test 
switch to the wireless station's own antenna. This method provides 
much more accurate results than a method in which the antenna is not 
disconnected. The test switch described above has the drawback that 

0 this test switch should be located outside the RF shield used in the 
radio frequency parts of the wireless station, and the measurement 
should be carried out from the side of the wiring board where the test 
switch is. In practice, this means that the wireless station should be 
dismantled for the duration of the measurement. 

5 

It is a common tendency to make the wiring boards of wireless stations 
one-sided by soldering components on one side of the wiring board 
only. In spite of this, the wiring boards as such can consist of several 
layers of wiring. It is also common that the antenna is located on the 
other side of the wiring board than the components that are soldered on 
the wiring board. If the wireless station meets both the conditions 
mentioned above, soldering the test switch described above on the 
same side of the wiring board with the wireless station's own antenna is 
not possible. Then the wireless station must be opened for servicing, 
for example, to enable the radio frequency power to be measured. 

It is a purpose of the invention to provide a system by which it is 
possible to measure the properties of a radio frequency signal from a 
wireless station with no external antenna and/or antenna connection 
accurately enough. A second purpose of the invention is to provide a 
.system by which the measurement can be carried out quickly and 
Easily, preferably without dismantling the wireless station. 

This first purpose can be achieved by forming a test switch on the 
wiring board of the wireless station, with a hole beneath the test switch 
in the wiring board. Through this hole, the test switch can be switched 
to the measuring position preferably with the measuring head, where- 
upon the wireless station's own antenna is disconnected to improve the 



accuracy of measurement. Then the radio frequency signal proceeds 
from the transmitter of the wireless station via the test switch and the 
measuring head to the testing equipment or to the opposite direction. 
When this switch is in the operating position, the radio frequency signal 
proceeds via the test switch to the wireless station's own antenna. The 
second purpose can be achieved by forming a testing hole, which is 
suitable for measuring the radio frequency power, also in the shell of 
the wireless station at the location of the test switch or in its vicinity. 

To put it more accurately, the system according to the invention is 
characterized in what is set forth in the characterizing part of Claim 1 . In 
addition, the method according to the invention is characterized in what 
is set forth in the characterizing part of Claim 1 1 . 

The present invention provides considerable advantages over the prior 
art methods. When the wireless station's own antenna can be dis- 
connected for the duration of the measurement of the radio frequency 
signal, the measuring accuracy is considerably improved. When the 
test switch can be switched to the testing position from the other side of 
the wiring board of the wireless station than the one where this test 
switch is located, the test switch can be placed in a space protected 
with an RF shield. Then it is also much easier to place the components 
on one side of the wiring board of the wireless station only. In addition, 
if a testing hole has been formed on the shell of the wireless station, it 
is not necessary to dismantle the wireless station for measuring the 
radio frequency power. Thus the time needed for the measurement is 
substantially shorter, the measurement is very easy to carry out and the 
danger of sensitive parts in the wireless station being broken is much 
smaller than when using prior art solutions. 

In the following, the invention will be described in more detail with 
reference to the accompanying drawings, in which 

Figure 1a shows a wireless station according to the invention with the 
test switch in the operating position, as a schematic 
drawing, 



Figure 1b shows the wireless station according to Fig. 1a with the test 
switch in the testing position, as a schematic drawing, 

Figure 2 shows the wireless station according to Figures 1a and 1b 
as seen from the back side, 

Figure 3 shows a testing card to be coupled to the SIM card slot of 
the wireless station from the bottom, 

Figure 4 shows a wireless station according to the invention, in which 
a testing card according to Fig. 3 is used, as a schematic 
diagram, 

Figure 5 shows another testing card to be coupled to the SIM card 
slot of the wireless station from the bottom, 

Figure 6 shows wireless station according to the invention, in which a 
testing card according to Fig. 5 is used, as a schematic 
diagram, and 

Figure 7 shows still another wireless station according to the 
invention with the test switch in the testing position, as a 
schematic drawing. 

Figures 1a and 1b show a system according to the invention as a 
simplified drawing. This system preferably comprises at least a wireless 
station 1 , a measuring head 6 and a testing apparatus 7. This testing 
apparatus preferably comprises at least means for measuring radio 
frequency power and means for feeding a radio frequency test signal. 
The wireless station preferably comprises at least a wiring board 2, 
switching means such as a test switch 3, an antenna 5 and a radio part 
8. This test switch, which has two different positions, has been installed 
on the wiring board of the wireless station. When this test switch is in 
the first position, i.e. in the operating position, or closed (Fig. 1a), the 
radio frequency signal proceeds from the radio part 8 via the test switch 
3 to the wireless station's own antenna 5. 



When radio frequency power should be measured from the wireless 
station 1 , this test switch 3 is switched to the second position, i.e. to the 
test position or open (Fig. 1b) preferably with the measuring head 6. In 
order to enable the test switch to be opened, there is provided in the 
wiring board 2, at least partly at the location of the test switch, a 
switching aperture 4, such as a hole or a corresponding opening, slot or 
the like through the wiring board, through which the test switch can be 
opened with the measuring head from a different side of the wiring 
board than where the test switch has been installed. Then the test 
switch can be sufficiently well protected from external interference. In 
addition, it also becomes much easier to place the components on one 
side of the wiring board of the wireless station only. When the test 
switch is switched open or in the testing position, the wireless station's 
own antenna 5 is disconnected to improve the accuracy of 
measurement. Then the radio frequency signal proceeds from the radio 
part 8 of the wireless station via the measuring head and cable 12 to 
the testing apparatus 7. 

It is also possible that the test switch 3 is switched to the testing posi- 
tion through the switching aperture 4, but it is not done with the meas- 
uring head 6. Then the arrangement is preferably such that a testing 
connector (not shown) for the measuring head has been formed on the 
surface of the wireless station 1. The testing connector has been 
coupled to the test switch so that when the test switch is in the testing 
position, the measurement can be carried out through the testing 
connector. This testing connector can be located, for example, beside 
the bottom connector and charging connector of the wireless station on 
the bottom of the wireless station. When the measurement should be 
carried out, the measuring head is connected to this testing connector 
and the test switch is switched to the testing position preferably with an 
instrument suitable for this purpose. 

In order to make the measurement of radio frequency power as quick 
and easy as possible, it should be possible to carry out the measure- 
ment without opening the shell 16 of the wireless station (Fig. 2), which 
would make the measurement a simple and quick operation. In addi- 
tion, the danger of sensitive parts in the wireless station being broken is 
much smaller than in the case that the shell should be opened before 




carrying out the measurement. Because of this, a testing aperture 17 is 
preferably formed in the shell of the wireless station, conveniently so 
that it is essentially at the location of the switching aperture 4 formed in 
the wiring board 2. Through this testing aperture, the test switch 3 can 
be switched to the testing position and the testing apparatus can be 
coupled to the output of the radio part 8 of the wireless station. It is 
naturally clear that the testing aperture need not necessarily be located 
exactly at the hole formed in the wiring board, as long as it is possible 
to switch the test switch to the testing position (open) through the 
testing aperture and to the operating position (closed) and to couple the 
testing apparatus to the output of the radio part. The testing aperture 
has preferably been formed so that it is not visible when the wireless 
station is used. A place like this is, for instance, under the battery (not 
shown) of the wireless station, where it is protected from foreign, 
external objects and dirt. It is also possible that the testing aperture is 
not under the battery, in which case the testing aperture is preferably 
covered (not shown) with a protective sticker or rubber bung. 

One way of coupling the testing apparatus 7 to the output of the radio 
part 8 of the wireless station to advantage is to carry out the coupling 
by means of a separate testing card 9 (Fig. 3). This testing card is 
preferably installed in the place of the SIM card (Subscriber Identifica- 
tion Module) 18 of the wireless station for the duration of the measure- 
ment. In appearance, this testing card differs from an ordinary SIM card 
in that it has a projecting part 15, on which there are provided on the 
lower surface 9a of the testing card, the surface which is placed against 
the wiring board 2 of the wireless station, grounding means 10, such as 
springs, and a measuring connection 11. In addition, the testing card is 
coupled to the testing apparatus 7 by means of a cable 12. The testing 
card can also contain all the properties of an ordinary SIM card to 
enable the wireless station to be used during the measurement of the 
radio frequency power. The testing card can contain, for example, a 
microprocessor and memory for saving the PIN code (Personal Identifi- 
cation Number), for example. In this case, the above mentioned testing 
aperture 17 is an extension 20 of the SIM card slot, and thus the test 
switch 3 and the hole 4 formed in the wiring board 2 are located essen- 
tially at the extension of the SIM card slot 19. 



When the above mentioned testing card 9 has been installed in the SIM 
card slot 19 of the wireless station 1 so that the lower surface 9a of the 
testing card is against the wiring board 2 of the wireless station (Fig. 4), 
the test switch 3 is on a different side of the wiring board than the 
testing card. The shape of the testing card also prevents it from being 
installed incorrectly in the SIM card slot. When installed in the SIM card 
slot, the testing card pushes the measuring head 6 upwards, where- 
upon the measuring head keeps the test switch 3 in the testing position. 
In this case, the measuring head has been placed as fixed in the 
wireless station, and thus the measuring head is coupled to the testing 
apparatus by means of the testing card. An ordinary SIM card 18 does 
not switch the test switch to the testing position, because it does not 
have a projecting part corresponding to the projecting part 15 of the 
testing card, which would open the test switch. The grounding means 
on the testing card are at least partly at the location of one or more 
grounding connections 13 on the wiring board of the wireless station. In 
addition, the measuring head touches the measuring connection 1 1 of 
the testing card and the test switch, whereupon the radio frequency 
signal proceeds from the radio part 8 via the switch 3, measuring head 
6, measuring surface 11, testing card 9 and the cable 12 to the testing 
apparatus 7. When the testing card is removed from the wireless sta- 
tion, the measuring head is returned to the lower position by means of a 
return spring 14, for example, whereupon the test switch is closed, i.e. 
returns to the operating position. The radio frequency signal proceeds 
again from the radio part via the switch to the wireless station's own 
antenna 5. 

It is also possible that the testing card 9 (Fig. 5) does not have the 
projecting part 15 mentioned above. Then the appearance of this 
testing card differs from an ordinary SIM card in that there are provided 
on the lower surface 9a of the testing card, i.e. the surface that is 
placed against the wiring board 2 of the wireless station, grounding 
means 10, such as springs, and a measuring head 6. In addition, the 
testing card is coupled to the testing apparatus 7 by means of a cable 
12. Even in this case, the testing card can also contain all the proper- 
ties of an ordinary SIM card to enable the wireless station to be used 
during the measurement of the radio frequency power. In this case, the 
above mentioned testing aperture 17 is in the SIM card slot 19, and 



thus the test switch 3 and the hole 4 formed in the wiring board 2 are 
located essentially at this testing aperture. 

When the above mentioned testing card 9 has been installed in the SIM 
card slot 19 of the wireless station 1 so that the lower surface 9a of the 
testing card is against the wiring board 2 of the wireless station (Fig. 6), 
the testing switch 3 is on a different side of the wiring board than the 
testing card. When installed in the SIM card slot, the measuring head 6 
in the testing card keeps the test switch 3 in the testing position. An 
ordinary SIM card 18 does not switch the test switch to the testing 
position, because it does not have the measuring head 6 of the testing 
card, which would open the test switch. The grounding means on the 
testing card are at least partly at the location of one or more grounding 
connections 13 on the wiring board of the wireless station. When this 
testing card is installed, the radio frequency signal proceeds from the 
radio part 8 via the switch 3, measuring head 6, testing card 9 and 
cable 12 to the measuring apparatus 7. When the testing card is 
removed from the wireless station, the test switch is closed, i.e. returns 
to the operating position. The radio frequency signal proceeds again 
from the radio part via the switch to the wireless station's own antenna 
5. 

It is naturally clear that the radio frequency power can also be meas- 
ured by some other means than a testing card 9 installed in the SIM 
card slot 19. For example, it is possible to form a dedicated place for 
the above mentioned testing card 9 in the wireless station for meas- 
urement. 

The essential feature of this method according to a preferred embodi- 
ment of the invention is the fact that the switching of the test switch to 
the testing position takes place on a different side of the wiring board 2 
of the wireless station than where the test switch 3 is located. In addi- 
tion, it is essential that the measurement is carried out without removing 
the shell 16 of the wireless station. 

Figure 7 shows a system according to still another embodiment of the 
invention as a simplified drawing. In this embodiment the antenna is 
e.g. a so called PIFA type, wherein it comprises an antenna plate 25 



and a spacer plate 24. RF power is connected to the antenna 5 by 
means of a power feeding pin 21. This power feeding pin 21 also 
comprises a first housing 22 and first loading means, e.g. a first spring 
23, which ensures a good contact between the power feeding pin and 
the output of the radio part 8 of the wireless station. The first housing 
22 is arranged to be movable substantially vertically. When the wireless 
station is in normal use, the first housing is 22 in contact with the 
antenna plate 25 and the power feeding pin 21 is in contact with the 
output of the radio part 8. The first housing 22 is made of electrically 
conducting material, wherein the radio frequency signal from the radio 
part 8 is coupled to the antenna plate 25. In a testing situation the 
testing probe 6 is situated on the hole 4 and pushed downwards, 
wherein the testing probe 6 pushes the first housing 22 downwards and 
disconnects the first housing 22 from the antenna plate 25. The radio 
frequency signal from the radio part 8 is now connected to the testing 
probe 6 instead of the antenna plate 25. The testing probe further 
comprises grounding means 10, which advantageously comprise a 
second housing 26, grounding pin 27 and second loading means, e.g. a 
second spring 28. The grounding means 10 are arranged with the 
testing probe 6 for providing a proper grounding connection for the 
testing apparatus while the testing probe 6 is connected to the first 
housing 22. For that purpose the antenna plate 25 comprises an 
opening 30 through which the grounding pin 27 is able to make contact 
with the ground plane 29 e.g. at grounding connection 13. 

In the above description, the invention was applied to a transmitter of 
the radio part 8, but it is naturally clear that the invention can be applied 
to a receiver as well. Tuning and measurement operations are also 
carried out for receivers, in which case measuring accuracy is an 
important consideration. A certain test signal is then fed to the radio 
part 8 from a testing apparatus 7, whereupon the required measure- 
ments can be carried out from the receiver. In this case the test switch 
3 is also switched to the testing position, in which the radio frequency 
test signal being fed does not proceed to the antenna. This switching is 
preferably carried out with another measuring head (not shown), 
whereupon the radio frequency test signal proceeds from the testing 
apparatus 7 via the cable 12 and the test switch 3 to the receiver of the 
radio part. The measurement is preferably carried out through a testing 



• 11 • 



connector (not shown) provided on the surface of the wireless station, 
on which the measuring head 6 can be fitted, whereby the wireless sta- 
tion need not be dismantled for the duration of the measurement. The 
testing connector has been coupled to the test switch so that when the 
test switch is in the testing position and a certain radio frequency test 
signal is being fed from the testing apparatus, the measurement can be 
carried out through the testing connector. 

When an amplifier and a testing card are involved, there are preferably 
two measuring heads 6, of which the first or second one switches the 
test switch to the testing position directly or indirectly, when the testing 
card is inserted into the wireless station for carrying out the measure- 
ment. Then a certain radio frequency test signal is fed to the receiver 
through the first measuring head, and the measurement is carried out 
through the second measuring head. 

Although the invention was described above with reference to the 
measurement of power, it is obvious that in addition to the measure- 
ment of radio frequency power, the invention can also be used for the 
measurement of other properties of a radio frequency signal. The 
property to be measured can be frequency, sensitivity, bit error rate or 
modulation spectrum, for example. 

The present invention is not limited to the above described embodi- 
ments only, but its details can be modified without departing from the 
scope defined by the attached claims. 



